The aim of this study was to share our experience in the prenatal diagnosis (PND) of organic acidemias (OAs) in our clinic. This study consisted of 10 cases in whom an invasive prenatal diagnostic test (IPNDT) was performed by a single physician for the PND of OAs. Median maternal age, parity, gestational week of IPNDT, prenatal test indications, OA types, method of IPNDT, IPNDT results and gestational outcomes were evaluated. Targeted mutation analysis was performed in fetal DNA for the specific mutations by using polymerase chain reaction (PCR) and direct Sanger sequencing. The diagnosis was confirmed by genetic targeted mutation analysis after birth. Median maternal age, parity and gestational week of IPNDT values were 30 (range 21-35), one (range 0-4) and 11.5 (range 11-17), respectively. Indications for IPNDT were mother being a carrier of the disease for one case (10.0%) and at least one child with OA in the family for nine cases (90.0%). Organic acidemia types investigated were maple syrup urine disease (MSUD), methylmalonic acidemia (MMA) and isovaleric acidemia (IVA) in five (50.0%), three (30.0%) and two (20.0%) patients, respectively. Chorion villus sampling (CVS) was done in seven (70.0%) patients and amniocentesis was performed in three (30.0%) patients. Eight fetuses (80.0%) were found to be healthy and two fetuses (20.0%) were found to be affected (one case with IVA and one case with MMA). The two pregnancies (20.0%) with affected fetuses were terminated. Prenatal diagnosis of OAs is critical. Appropriate prenatal counseling should be given to families with known risk factors.
INTRODUCTION
Organic acidemias (OAs) are a group of rare hereditary disorders characterized by increased excretion of organic acids in urine [1] . Deficiencies of specific enzymes in the breakdown pathways of amino acids lead to elevated levels of organic acids in the organism, causing alterations in several systems, mostly the central nervous system [1] .
The incidence of OAs ranges between 3.7-12.6/ 100,000 according to various studies [2, 3] . On the other hand, a much higher frequency was reported in a study that consisted of a preselected high-risk group of patients [4] .
The most common types of OAs are propionic acidemia (PA), methyl malonic acidemia (MMA), branched chain organic acidemia [which includes isovaleric aciduria (IVA)] glutaric acidemia Type I, and multiple carboxylase deficiency (MCD) [5] . Maple syrup urine disease (MSUD), which occurs due to elevated branched chain amino acids, is also regarded as a branched chain amino acidemia [5] . All OAs are autosomal recessively inherited disorders [5] .
Generally, signs and symptoms of these disorders develop during the newborn period or early infancy. Following an initial period of well-being, patients experience a life-threatening episode of metabolic acidosis with increased anion gap. These episodes may be associated with significant morbidity and even mortality [6] . Diagnosis of OAs can be challenging in newborns as the presenting BJMG PND OF ORGANIC ACIDEMIAS symptoms may be mistaken for other conditions such as neonatal sepsis [7] . Although parental consanguinity may arouse suspicion for the diagnosis of OAs, definitive diagnosis usually cannot be anticipated without index cases. Use of gas chromatograph-mass spectrometry (GC-MS) and tandem MS has facilitated the diagnosis of OAs in the past few decades [8] . Diagnosing OAs within the first 24-48 hours of life is critical as appropriate management protocols may prevent serious morbidity and even mortality [5] . Thus, neonatal screening programs have vital importance, especially in countries with higher rates for OAs [9, 10] .
Another important issue is providing suitable genetic counseling for couples with a history of OAs in their families, as prenatal diagnosis (PND) is available for most of them. Assessment of certain metabolites in the amniotic fluid, analysis of enzyme activities in amniocytes/chorionic villi and targeted mutation analysis may all be performed for PND of OAs [11, 12] . Prenatal diagnosis is crucial as it may give parents the opportunity for termination of pregnancy in severe cases and may give the physicians enough time for referral of the patients to tertiary healthcare centers. The aim of this study was to share our experience in the PND of OAs in our clinic.
MATERIALS AND METHODS
This study consisted of 10 cases on whom invasive prenatal diagnostic test (IPNDT) was performed by a single physician for PND of OAs at the Division of Perinatology, Department of Obstetrics and Gynecology, Hacettepe University Hospital, Ankara, Turkey, between January 1, 2000 and December 31, 2017. The required data was retrospectively obtained from the electronic database of Hacettepe University.
Prenatal diagnosis was performed on couples with mothers being carriers of the disease or having at least one child with OA in their families. Patients gave written informed consent and their approval was obtained prior to the invasive procedures. All pregnancies were evaluated by the Department of Genetics and Clinical Biochemistry, Hacettepe University Hospital, Ankara, Turkey, within the framework of the PND program. Genomic DNA was obtained from venous (whole) blood of the index cases and the parents. The blood samples were collected in EDTA K2-containing vacutainers and transferred to the laboratory for targeted mutation analysis.
With the known genotypes of the index cases and parents before pregnancy, pregnant women were referred to the Division of Perinatology, Hacettepe University Hospital, Ankara, Turkey, for PND. Chorionic villus sampling (CVS) was performed between the 11th to 14th gestational weeks (all CVS procedures were performed by the transabdominal route) and amniocentesis (AC) was performed between the 16th to 20th gestational weeks. All women at risk of Rh isoimmunization received 300 μg of Rh-Ig following the invasive procedures. Genomic DNA was extracted from chorionic villi and amniotic fluid samples using the DNA extraction kit (Gentra Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. Targeted mutation analysis was performed for the specific mutations using polymerase chain reaction (PCR) and direct Sanger sequencing [13] . The coding exons and the flanking introns of the diseasecausing genes were amplified by PCR. Amplified PCR products were checked on agarose gel and purified using MultiScreen®HTS Millipore vacuum manifold (Millipore, Burlington, MA, USA). Thereafter, sequence analysis of the gene-specific PCR products was performed using the SeqMan 6.1 module of the Lasergene (DNA Star Inc., Madison, WI, USA) software package. Finally, the results of these sequence analyses were compared to the reference GenBank sequences for each gene. The diagnosis was confirmed by genetic targeted mutation analysis after birth.
Median maternal age, parity, gestational week of the IPNDT, prenatal test indications (mothers being carriers of the disease or at least one child with OA in their families), OA types, method of IPNDT (CVS or AC), IPNDT results (healthy or disease positive) and gestational outcomes (termination or continuation of pregnancy) after the diagnosis were evaluated.
Statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS®) version 22 software (https://www.ibm.com/SPSS-Statistics/software). Collected data are presented as median (range) values. Categorical data are presented as percentages. The study protocol was approved by the Hacettepe University Ethics Committee [#GO 16/690].
RESULTS
Prenatal diagnosis was performed for three types of OAs: maple syrup urine disease (MSUD) (n = 5, 50.0%), methylmalonic acidemia (MMA) (n = 3, 30.0%) and isovaleric acidemia (IVA) (n=2,20.0%). Three mutations in the BCKDHA gene (c.347A>G, c.905A>C and C.940C>T) and two mutations in the BCKDHB gene (c.502C>T and c.574G>A) were detected in the families with MSUD, who were all associated with the classic phenotype. All of the families with MMA had mutations in the MUT gene (c.278 G>A, c.329A>G and C.2200C>T). Finally, all of the families with IVA had mutations in the IVD gene (c. 932C>T for both).
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Tanacan A, Gurbuz BB, Aydin E, Erden M, Coskun T, Beksac MS Demographic features and clinical characteristics of the cases are shown in Table 1 . Median gestational week for IPNDT was 11.5 weeks. Ninety percent of the IPNDT indications was the presence of at least one child with OA in their families. Seventy percent of the IPNDTs were CVS. Two pregnancies (20.0%) with disease-positive fetuses (one case with IVA, C.932C>T at thel3th gestational week, and one case with MMA,c.278G>A at the 19th gestational week) that were terminated after the parents opted to have IPNDT and decided to terminate the pregnancy in a case of OA. anemia can develop in infancy. Isovaleric acidemias are caused by a deficiency of isovaleryl-CoA dehydrogenase, the enzyme that converts isovaleryl-CoA to 3-methylcrotonyl CoA in the breakdown pathway of leucine. The accumulation of isovaleric acid in urine leads to a specific odor described as "sweaty feet." Vomiting, ketoacidosis, lethargy and coma may be observed depending on the severity of the disease [15] .
There is usually no sign of OAs during the followup of the pregnancy. Family history of consanguineous 
DISCUSSION
Prenatal diagnostic procedures were performed for MSUD, MMA and IVA in this study. Maple syrup urine disease is an OA caused by a deficiency of branched-chain oc-ketoacid dehydrogenase complex, the second enzyme of the metabolic pathway of the three branched-chain amino acids, leucine, isoleucine and valine [14] . Psychomotor delay, feeding problems, and a maple syrup odor of the urine are the main characteristics of this disease [14] . Methylmalonic acidemia results from impaired metabolism of methylmalonic acid that is generated during the metabolism of certain amino acids (isoleucine, methionine, threonine or valine) and odd-chain fatty acids. Lethargy, seizures, muscular hypotonia and hypoglycemia are observed in neonates with MMA mut(0) or MMA mut(-) during an episode of metabolic decompensation. Microcephaly, pig-mentary retmopathy, nystagmus, secondary reduced visual acuity, hydrocephalus or megaloblastic marriage and/or siblings who died during the neonatal period may evoke suspicion for clinicians [16] . Unfortunately, there is no curative treatment for OAs at this time [6, 7] . Treatment of metabolic decompensation periods, dietary management and application of medications such as L-carnitine, multivitamins and carglumic acid are the main conservative management protocols for OAs [6, 7] . Thus, neonatal screening by tandem mass spectrometry in high-risk populations may be beneficial in order to detect cases at earlier stages of life and to take precautions for preventing life-threatening complications [17, 18] . On the other hand, there are still ongoing debates about the ethical and cost-effective issues related to the newborn screening programs for OAs [9, 19] . Therefore, establishing the most appropriate screening programs based on the specific characteristics of the populations seems to be the logical approach.
Prenatal diagnosis of inherited metabolic diseases is crucial, especially in countries with higher rates of con-BJMG PND OF ORGANIC ACIDEMIAS sanguineous marriages due to the autosomal recessive pattern for the majority of the diseases [1] . According to the Turkish Demographic and Health Surveys, the rate of consanguineous marriage was found to be between 22.0-24.0% in Turkey [20] . Thus, inherited metabolic diseases are still an important healthcare problem for our country [20] . Although, current studies have reported promising results with cell-free DNA, IPDTs are still regarded as the gold standard method for the PND of OAs [21, 22] . Amniocentesis, CVS and cordocentesis can all be performed with different procedure-related adventages and disadventages. Chorion villus sampling provides PND at earlier weeks of gestation but it has a procedure related fetal loss rate of 0.7-1.3%, which was slightly higher than the rates reported for amniocentesis [23] . Additionally, CVS may sometimes lead to diagnostic uncertainty due to placentai mosaicism [24] . Cordocentesis was reported to be associated with fetal-loss rates of 5.0-6.0% [25] . Therefore, it is not routinely performed for PND of OAs [21, 22] . Chorion villus sampling was the most common (70.0%) IPDT procedure in this study and median gestational week for the IPDTs was 11.5 weeks. Two prenatally diagnosed cases with organic acidemia (one case with IVA and one case with MMA) were terminated after appropriate counseling. As PND of the case with IVA was performed by CVS, it gave us the opportunity for termination of pregnancy at an earlier gestational week compared to the case with MMA, which was diagnosed by amniocentesis. Earlier diagnosis of OAs facilitated the appropriate management of pregnancy in our institution.
Targeted mutation analysis was performed for all cases in this study. Although, metabolite studies and enzymatic assays are the other alternative diagnostic approaches, targeted mutation analysis has become the preferred method due to higher rates of sensitivity and specifity [14, 22] . Mutation analysis in fetal DNA is a method of choice also in guidelines for MMA/PA [26] . Moreover, targeted mutation analysis gives the physician the opportunity for carrier screening that results in more effective preconceptional counseling [14, 22] . Preimplantation genetics diagnosis may be an appropriate clinical option for couples with known mutations for OAs [27] .
In conclusion, PND of OAs is critical. Appropriate prenatal counseling should be provided to families with known risk factors.
